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Topics

• Charge fluctuations

• Charge correlations

• � pt � fluctuations

• pt correlations

• Linearity and locality

• Correlations from fluctuations

• Fluctuation measure design
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Introduction

• Many fluctuation measures can be constructed 
from a basic set of random variables

• How are  they related?

• Is there a ‘best’  set of measures?

• How can results be interpreted?

Measure criteria:
1) simple reference form for central limit (CLT) conditions
2) independent of sample number for CLT conditions
3) ‘good behavior’  for small sample numbers
4) simple linear relation to two-particle correlations
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Summary of Charge Fluctuation Measures
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Charge Fluctuations Basics
( ), ( ), basic random variables in bins of size (scale) 
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Number Variances and the CLT
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Differential Fluctuation Measures
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What’s Behind the n Fluctuations?
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fluctuation scale (bin size) dependence 
integrates these two-particle correlations
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Report Card – Number n Fluctuations
Measure criteria:
1) simple reference form for central limit (CLT) conditions
2) independent of sample number n for CLT conditions
3) ‘good behavior’  for small sample number
4) simple linear relation to two-particle correlations
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Summary of Event-by-event <pT> Fluctuation Measures
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t tp p−ˆt tp np−

� pt � Fluctuations Basics
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pt Variances and the CLT
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Differential Fluctuation Measures
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What’s Behind the � pt � Fluctuations?

fluctuation scale (bin size) dependence 
integrates these two-particle correlations
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Report Card – � pt � Fluctuations
Measure criteria:
1) simple reference form for central limit (CLT) conditions
2) independent of sample number n for CLT conditions
3) ‘good behavior’  for small sample number
4) simple linear relation to two-particle correlations

nonononoΣpt

nononono� δpt·δpt �

nonononoFpt

noyesyesyesΦpt

yesyesyesyes∆σ2
pt:n

simple rel.

to two-pt.
good for 
small n

CLT form

indep. of n
simple ref. 
CLT form

measure



Trainor RHIC/AGS Users Meeting - 2005 17

Linearity and Locality

• Linearity: invariance 
under superposition of 
uncorrelated elements

• Locality: each pair of bins 
treated equivalently, based 
on Pearson’s coefficient
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Fluctuation Measure Design

• Bias (sys. error) at small n

• Efficiencies, acceptances

• Superposition and linearity

algebra of random variables vs 
algebra of ordinary variables
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Summary

• Basic random variables are n+, n−, pt   (pt+, pt− )

• Physics lies on sum and difference variables

• Normalized variances ↔ per-particle

• Statistical reference: central limit theorem

• Linearity and locality → optimum measures

• Scale dependence: fluctuations ↔ correlations

• Algebra of random variables is not simple

• Small multiplicities challenge measure design


